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(54) Abstract Trtle 

iVIufti-speed and ntufti-path change speed gearbox 

(57) A multi-speed and multi-path change speed gearbox has two component transmissions 10, 16 with first 
component transmission 10 having gear stages 12, 13 which form the lowest and highest gear ratios and are 
engaged to shafts 33, 36 by gear clutch 21 and changing gear clutch 20 respectively. Second component 
transmission 16 comprises further gear stages 18, 19 and 31 which are coupled to layshaft 33 by positive gear 
clutches 22, 23 and 24. Gear stage 31 and gear stage 13 have the same lowest ratio, so that, in a drive away 
procedure, gear stage 13 and power-shift clutch 15 are first engaged until a steady state condition is reached, 
wherein the power-shift clutch 15 and gear stage 13 are disengaged and the gear stage 31 is engaged. When 
upshifting, for example, from first to second gear stage 12 is initially engaged and speed of shaft 36 is 
controlled by power-shift clutch 15 until synchronization associated with the second gear is achieved wherein 
gear clutch 23 is engaged and power-shift clutch 15 is disengaged. This enables upshifts from the lowest ratio 
to the highest ratio to be carried out in traction mode without Interrupting power flow. In another embodiment 
the gear stages 18, 19, 31 and positive gear clutches 22, 23 and 24 are mounted directly on an input shaft (8, fig 
2). Gear stage 31 may be omitted and a concentric dual gear clutch/positive gear clutch may be provided for 
gear stage 12 (fig 3), alternatively both clutches may be gear clutches (fig 4). 
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Multi-speed, multi^path change>speed gearbox 
The present invention relates to a multi-speed, multi-path change-speed 

gearbox. 

In a known change-speed gearbox (DE 40 31 851 Al)» the first component 
transmission, which has the gear stage of the lowest forward gear, is also equally assigned 
the gear stage of the highest forward gear, while the second component transmission has 
the gear stages of the other forward gears. This assignment is intended to allow gear 
changes under load despite the use of just one power-shift clutch for the first component 
transmission only - as opposed to a driving connection only via positive gear clutches for 
the second component transmission - and thus to eliminate the need for the second power- 
shift clutch which would otherwise be required for this purpose. For this purpose, die first 
gear stage of the highest forward gear, the said gear stage belonging to the first 
component transmission having the power-shift clutch, is used as it were as a splitter for 
the intemiediate transmission of a torque in the inteimediate phase of an upshift between 
the disengagement of the gear clutch of the starting-gear gear stage belonging to the 
second component transmission and the disengagement of the gear clutch of the target- 
gear gear stage likewise belonging to the second component transmission. In the case of a 
drive-away procedure with this known speed-change gearbox, the gear clutch of the gear 
stage of the lowest forward gear is engaged first, followed by the power-shift clutch, with 
the transmission capacity increasing. In the steady-state gearbox condition of the lowest 
forward gear, the power thus flows fi-om the input shaft to the output shaft via the power- 
shift clutch and the relevant gear stage. With this known change-speed gearbox, however, 
neither "splitting" with the gear stage of the highest forward gear nor pre-engagement 
Q)reselection) of the gear clutch of the second gear is possible m the case of an upshift to 
the adjacent forward gear - i.e. in the case of a shift fi-om first gear to second gear - 
because the said clutch belongs to the second component transmission with drive only via 
positive gear clutches by the input shaft, and the gear stage for first gear belongs to the 
same first component transmission as the gear stage for the highest gear, with the result 
that the power-shift clutch has to be disengaged before flie gear stage for the first gear - in 
order to make the latter torque-fi-ee - but it is not possible to engage the gear stage for the 
second gear beforehand because the high differential speed is effective at the latter 
because of the direct drive only via positive gear clutches by the input shaft. However, the 
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disengagement of the power-shift clutch is inevitably associated with an interraption in 
torque transmission, which means a discernible loss of comfort for the vehicle occupants 
precisely in the case of an upshift between first and second gear due to the very high 
torques involved. 

Independently of this, the prior art also includes change-speed gearboxes 
of a different class, these including, for example, a sixteen-speed multi-ratio gearbox (US 
4,966,048), in which a two-stage main transmission is arranged in series in the power 
transmission path between an input shaft and an output shaft. The main transmission is 
connected, on the one hand, to the input shaft by two single-stage subspUtter stages via in 
each case one Actional, axially engageable and disengageable power-shift clutch and, on 
the other hand, to the output shaft by two single-stage spUtter stages via a two-range 
transmission arranged after the said stages in the power transmission path. While one 
subspUtter stage is assigned to the even-numbered forward gears and the other is assigned 
to the odd-numbered forward gears, the two other spUtter stages are engaged in the power 
transmission path in alternating sequence m, in each case, two forward gears adjacent to 
one another in terms of their transmission ratio. 

In another multi-path change-speed gearbox of a different class belonging 
to the prior art (US 4,658,663), two component transmissions, each having a gear stage 
for one and the same third gear are arranged in the power transmission path between an 
input shaft and an output shaft and are connected to the input shaft via a respective 
Actional, axially engageable and disengageable power-shift clutch. While one component 
transmission has fiirther gear stages for a second gear and a fifth gear, the other 
component transmission also has gear stages for a first gear and a fourth gear. The dual 
arrangement of the gear stage of the third gear in this change-speed gearbox also pemiits 
power shifts between two gears, the gear stages of which would belong to one and the 
same component transmission given conventional distribution of the gears or gear stages 
between the component transmission, in which case interruption of torque transmission 
during a gear change would be inevitable. 

Finally, the prior art (DE 35 46 454 Al) also mcludes another speed- 
change gearbox of a different class for a motor vehicle with a dual clutch, this gearbox 
being provided with a central shaft which starts from a first clutch disc and is used to 
drive a first group of transmission ratios, and with a shorter hollow shaft, which is 
concentric with the central shaft, starts from a second clutch disc and is used to drive a 



second group of transmission ratios. In order to reduce the amount of installation space 
for the dual clutch and obtain a good response, the clutch discs are embodied with as 
small a mass as possible according to this publication. However, since this reduces the 
heat storage capacity of a clutch disc, the clutch disc may overheat when driving the 
motor vehicle away. In order to prevent a clutch disc being heated to an impermissible 
high temperature, the hollow shaft and the central shaft in this known power-shift 
transmission can be connected to one another in a rotationally rigid manner by a clutch 
arranged between them, allowing both clutch discs to be used jointly when driving the 
motor vehicle away. 

The present invention seeks essentially to permit "splitting" with the gear 
stage of the highest forward gear even in the case of shifts from first gear to second gear 
while maintaining the drive only via positive gear clutches for the component 
transmission having the gear stages for higher forward gears, ensuring that these shifts too 
are inherently power shifts. 

According to one aspect of the present invention there is provided a multi- 
speed multi-path change-speed gearbox in which a first component transmission, which 
has a respective gear stage for the formation of die lowest and the highest forward gear 
and can be brought into driving connection with the input or the output shaft by means of 
a frictional power-shift clutch, and a second component transmission, which has both at 
least one gear stage for the formation of a respective associated fturther forward gear and 
is in driving connection only via positive gear clutches with the input shaft, can be 
connected individually or jointly into the power transmission path between an input and 
an output shaft, and in which the respective power transmission path can be established in 
the component transmissions by engaging a positive gear clutch for coupling a free gear 
of an associated gear stage to its shaft, and in which, in a drive-away procedure, both the 
gear clutch of the lowest forward gear of the first component transmission and the power- 
shift clutch of the latter are engaged, wherein the second component transmission has an 
additional gear stage for the formation of the transmission ratio of the lowest forward gear 
(first gear) with an associated additional gear clutch for coupling its firee gear to its shaft, 
and, in the steady-state condition of the lowest forward gear, the power-shift clutch is 
disengaged and the additional gear clutch of the lowest forward gear (first gear) is 
engaged. 
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According to a second aspect of the present invention there is provided a 
multi-speed multi-path change-speed gearbox in which a first component transmission, 
which has a respective gear stage for the formation of the lowest and the highest forward 
gear and can be brought into driving connection with the input or the output shaft by 
means of a fiictional power-shift clutch, and a second component transmission, which has 
both at least one gear stage for the formation of a respective associated further forward 
gear and is in continuous direct driving connection with the input shaft, can be connected 
individually or jointly into the power transmission path between an input and an output 
shaft, and in which the respective power transmission path can be established in the 
component transmissions by engaging a positive gear clutch for coupling a free gear of an 
associated gear stage to its shaft, and in which,, in a drive-away procedure, both the gear 
clutch of the lowest forward gear of the first component transmission and the power-shift 
clutch of the latter are engaged, and in which one shaft of two mutually concentric shafts 
that can be coupled to one another by the power-shift clutch is assigned one gear of the 
gear stages of one component transmission and the other shaft is assigned one gear of the 
gear stages of the second component transmission, wherein both the free gear of the gear 
stage of the lowest forward gear (first gear) and a gear clutch additionally comiected to 
this free gear are arranged coaxially with the mutually concentric shafts and this free gear 
can optionally be coupled to the mutually concentric shafts via its two gear clutches. 

For the steady-state condition of the lowest forward gear in the change- 
speed gearbox according to the first aspect of the invention, the gear stage which is 
additional in this case - i.e. as with the other forward gears with the exception of the 
higher forward gear a gear stage of the second component transmission with a driving 
connection only via positive gear clutches to the input shaft is used, allowing the gear 
stage of the highest forward gear, the said gear stage belonging to the first component 
transmission connected to the power-shift clutch, to be connected phase-wise into the 
power transmission path, as a splitter as it were, in the case of all upshifts equally. i.e. 
even in the case of an upshift to second gear. 

The same mode of operation is achieved with the change-speed gearbox 
according to the second aspect of the invention smce. in this gearbox, the gear stage of the 
lowest forward gear can be connected into the power transmission path of the second 
component transmission with a direct driving comiection to the input shaft only via 
positive gear clutches by means of its additional gear clutch in the steady-state condition 
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of the lowest forward gear, allowing the gear stage of the highest forward gear, the said 
gear stage belonging to the first component transmission with connection to the power- 
shift clutch, to be involved phase-wise as a splitter in the gear-change operation. 

The subject matter of Patent Claim 3 is an embodiment of a change-speed 
gearbox according to one or the other aspects of the invention, this embodiment having an 
advantageously short axial length. 

Patent Claim 4 relates to an advantageous refinement and incorporation 
into the gearbox of the additional gear clutch of the lowest forward gear in a change- 
speed gearbox according to the other invention in accordance with the second aspect. 

The method according to Patent Claim 5 relates to an advantageous way of 
gear changing during the drive-away process in a change-speed gearbox according to one 
or the other of the aspects, a variant of this method relates to the completion of the drive- 
away process and forms the subject matter of Patent Claim 6. 

The method according to Patent Claim 7 for gear changing in a change- 
speed gearbox relates a to the steady-state condition of the gearbox in the forward gears 
assigned to the second component transmission and allows delay-firee power shifting to 
the adjacent higher forward gear. 

The method according Patent Claim 8 for gear changing in a change-speed 
gearbox according to one or the other aspects of the invention relates to advantageous 
upshifts, in each case in the form of a power shift between the forward gears associated 
with the second component transmission, including the lowest forward gear. 

The method according to Patent Claim 9 relates to an advantageous upshift 
in traction mode to the highest forward gear in a change-speed. 

The method according to Patent Claim 10 for shifting in a change-speed 
gearbox relates to an advantageous downshift in traction mode firom the highest forward 
gear. 

The method according to Patent Claim 11 for gear changing in a change- 
speed gearbox relates to advantageous downshifts in traction mode between two of the 
forward gears associated with the second component transmission, including the lowest 
forward gear. 

And, finally, the method according to Patent Claim 12 for gear changing in 
a change-speed gearbox relates to advantageous downshifts in overrun mode between two 
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forward gears associated by means of its gear clutch to the second component 
transmission, including the lowest forward gear. 

The invention is explained in greater detail below with reference to two 
respective embodiments illustrated to a greater or lesser extent schematically in the 
drawing, in which: 

Fig. 1 shows a gearbox diagram of a four-speed two-path change-speed 
gearbox according to one aspect of the invention in a first embodiment. 

Fig. 2 shows a gearbox diagram of a five-speed two-path change-speed 
gearbox according to one invaition in a second embodiment. 

Fig. 3 shows a gearbox diagram of a five-speed two-path change-speed 
gearbox according to the other aspect of the invention in a first, and 

Fig. 4 shows a gearbox diagram of a five-speed two-path change-speed 
gearbox according to the other aspect of the invention in a second embodiment. 

Referring to Figure 1, a change-speed gearbox has an input shaft 8, a 
coaxial output shaft 9 and a layshaft 33 parallel to the input shaft 8. The layshaft 33 is 
driven by the input shaft 8 via a constanfly engaged gear 38 which comprises two 
intermeshing gears 39 and 40. the input-side gear 39 being seated concentrically and in a 
rotationally rigid manner on the input shaft 8 and gear 40 being seated concentrically and 
in a rotationally rigid manner on the layshaft 33. A first component transmission 10 with 
a gear stage 12 for the formation of the lowest forward-gear ratio (in all four 
embodiments this is the first gear), with a gear stage 13 for the formation of the highest 
forward-gear ratio - in this embodiment this is the fourth gear - and with a gear stage 41 
for the formation of a reverse-gear ratio, and a second component transmission 16 with a 
gear stage 18 for the formation of tiie second-gear ratio, a gear stage 19 for the formation 
of the tiiird-gear ratio and an additional gear stage 31, likewise for tiie formation of the 
lowest gear ratio, i.e. the first-gear ratio, can be connected into the power transmission 
path between the input shaft 8 via tiie layshaft 33. on the one hand, and tiie output shaft 9. 
on the other hand. 

The mput of tiie first component transmission 10 is fonned by an 
intermediate shaft 34, which is arranged coaxially witii the layshaft 33 and is rotationally 
rigid witii tiie latter. The output of tiie first component transmission 10 is formed by an 
intermediate shaft 36 in die form of a hollow shaft, which is arranged coaxially witii tiie 
output shaft 9 and is rotationally rigid witii tiie latter and can be coupled to it by a power- 
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shift clutch IS. The fixed gear of gear stage 12, the said gear being arranged 
concentrically and in a rotationally rigid manner on the intennediate shaft 34, meshes 
with a free gear 26, which is arranged concentrically with the intemiediate shaft 36 and 
can be coupled to the latter by means of a changing gear clutch 20. 

The fixed gear of gear stage 13, the said fixed gear being arranged 
concentrically and in a rotationally rigid manner on the intermediate shaft 36, meshes 
with a free gear 27, which is arranged concentrically and in a rotationally rigid manner on 
intemiediate shaft 34 and can be coupled to the latter by a gear clutch 2 1 , 

The free gear 42 of gear stage 41 is arranged concentrically and in a 
rotationally rigid manner with respect to intermediate shaft 36 and can be coupled to the 
latter by the changing gear clutch 20. The free gear 42 meshes in a known manner 
indicated in dashed lines at 43 with an intemiediate gear which effects the reversal in the 
direction of rotation and, for its part, meshes with the fixed gear of gear stage 41, the said 
gear being arranged concentrically and in a rotationally rigid manner on intermediate 
shaft 34. 

The input of the second component transmission 16 is fomied by an 
intemiediate shaft 35, which is arranged concentrically and in a rotationally rigid manner 
with respect to the layshaft 33. The output of the second component transmission 16 is 
fomied by an intemiediate shaft 37, which is arranged coaxially and in a rotationally rigid 
manner with respect to the output shaft 9. 

The free gear 28 of gear stage 18, which meshes with a fixed gear seated 
concentrically in a rotationally rigid manner on intermediate shaft 37, is arranged 
concentrically and rotatably on the intermediate shaft 35 and can be coupled to the latter 
by a gear clutch 23 that can be engaged and disengaged radially. 

The free gear 29 of gear stage 19, which meshes with a fixed gear seated 
concentrically and in a rotationally rigid marmer on an intermediate shaft 37, is arranged 
concentrically and rotatably on intermediate shaft 35 and can be coupled to the latter by a 
gear clutch 24 that can be engaged and disengaged radially. 

The free gear 32 of gear stage 31, which meshes with a fixed gear seated 
concentrically and in a rotationally rigid maimer on intermediate shaft 37, is arranged 
concentrically and rotatably on intermediate shaft 35 and can be coupled to the latter by a 
gear clutch 22 that can be engaged and disengaged radially. 
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Referring to Figure 2, a change-speed gearbox has an input shaft 8 and a 
parallel output shaft 9. A first component transmission 10 having the three gear stages 12, 
14 and 41, and a second component transmission 16. having four gear stages 13, 18, 19 
and 3 1, can be connected mto the power transmission path between these shafts. 

An intermediate shaft 34-2, which is coaxial and rotationally rigid with 
respect to the input shaft 8, is used for the input of the first component transmission 10. 
An intermediate shaft 36-2 in the form of a hollow shaft which is arranged concentrically 
and rotatably with respect to the output shaft 9 and can be coupled to the latter by a 
power-shift clutch 15 is used for the output of the first component transmission 10. 

An intermediate shaft 35-2 which is arranged coaxially and in a 
rotationally rigid manner with respect to the input shaft 8 is used for the input of the 
second component transmission 16. An intermediate shaft 37-2 which is arranged 
coaxially and in a rotationally rigid manner with respect to the output shaft 9 is used for 
the output of component transmission 16. 

The free gear 26 of the gear stage 12 for the formation of the lowest 
forward-gear ratio, which meshes with a fixed gear seated concentrically and in a 
rotationally rigid manner on intermediate shaft 34-2, is arranged concentrically and 
rotatably with respect to intermediate shaft 36-2 and can be coupled to the latter by means 

of a changing gear clutch 20. 

The fcee gear 30 of the gear stage 14 for the formation of the highest . 
forward-gear ratio - in this case this is fifth gear - meshes with a fixed gear seated 
concentrically and in a rotationally rigid manner on intermediate shaft 36-2. the free gear 
30 is fiirthermore arranged coaxially and rotatably on intemiediate shaft 34-2 and can be 
coupled to the latter by means of a gear clutch 25. 

The free gear 42 of the gear stage 41 for the formation of a reverse-gear 
ratio is arranged concentrically and rotatably with respect to intermediate shaft 36-2 and 
can be coupled to the latter by means of the changing gear clutch 20. The free gear 42 
fiuthermore meshes in a known mamier indicated in dashes at 43 with an intemiediate 
gear which effects a reversal in the direction of rotation and, for its part, meshes with the 
fixed gear of gear stage 41, the said gear being seated concentrically and in a rotationally 
rigid maimer on intermediate shaft 34-2. 

The free gear 27-2 of the gear stage 13 for the formation of the fourth-gear 
ratio is arranged concentrically and rotatably on intermediate shaft 35-2 and can be 



coupled to the latter by a gear clutch 21*2 that can be engaged and disengaged radially. 
The free gear 27-2 furthermore meshes with a fixed gear of gear stage 13, which is seated 
concentrically and in a rotationally rigid manner on intermediate shaft 37-2. 

The free gear 28 of the gear stage 18 for the fonnation of the second-gear 
ratio is arranged concentrically and rotatably on intermediate shaft 3S-2 and can be 
coupled to the latter by means of a gear clutch 23 that can be engaged and disengaged 
radially. The free gear 28 furthermore meshes with a fixed gear of gear stage 18, the said 
gear being seated concentrically and in a rotationally rigid manner on intermediate shaft 
37-2. 

The free gear 29 of the gear stage 19 for the formation of the third-gear 
ratio is arranged concentrically and rotatably on intermediate shaft 35-2 and can be 
coupled to the latter by means of a gear clutch 24 that can be engaged and disengaged 
radially. Free gear 29 meshes with a fixed gear of gear stage 19, the said gear being seated 
concentrically and in a rotationally rigid manner on intermediate shaft 37-2. 

The free gear 32 of the additional gear stage 31 for the formation of the 
lowest forward-gear ratio is arranged concentrically and rotatably on intermediate shaft 
35-2 and can be coupled to the latter by means of an additional gear clutch 22-2, which 
can be engaged and disengaged radially. Free gear 32 meshes with a fixed gear of gear 
stage 31, the said gear being seated concentrically and in a rotationally rigid manner on 
intemiediate shaft 37-2. 

Referring to the embodiment in Figure 3, a change-speed gearbox has an 
input shaft 8 and a parallel output shaft 9 which can be brought into mutual driving 
connection by a first component transmission 1 1, having gear stages 12, 14 and 41, and/or 
by a second component transmission 17, having gear stages 12, 13, 18 and 19. 

For the input of the first component transmission 1 1, an intermediate shaft 
34-3 is provided, this being arranged coaxially and in a rotationally rigid manner with 
respect to the input shaft 8. For the output of the first component transmission 11, an 
intennediate shaft 36-3 is provided, this being arranged concentrically and rotatably with 
respect to the output shaft 9 and being czpdble of being coupled to the latter by means of 
a power-shift clutch 15. 

For the input of the second component transmission 17, use is made of an 
intermediate shaft 35-3 which is arranged coaxially and in a rotationally rigid manner 
with respect to the input shaft 8. For the output of the second component transmission 17, 
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an intermediate shaft 37-3 is provided, this shaft being arranged coaxiaUy and in a 
rotationally rigid manner with respect to the output shaft 9. 

The free gear 26 of the gear stage 12 for the fomiation of the lowest 
forward-gear ratio (first gear) is arranged both coaxially and rotatably with respect to the 
concentric shafts 36-3 and 37-3. allowing it to be coupled by a first gear clutch in the 
forai of a changing gear clutch 20 to intennediate shaft 36-3 and consequently to be 
associated with the first component transmission 11 and to be coupled by an additional 
second gear clutch 22-3 in the form of a clutch that can be engaged and disengaged 
radially to intermediate shaft 37-3 and consequently to be associated also with the second 
component transmission 17. 

The free gear 30 of the gear stage 14 for the fomiation of the highest 
forward-gear ratio (fifth gear) is arranged coaxially and rotatably with respect to 
interaxediate shaft 34-3 and can be coupled to the latter by means of a gear clutch 25. Free 
gear 30 also meshes with a fixed gear of gear stage 14, the said gear being arranged 
coaxially and in a rotationally rigid manner with respect to intemiediate shaft 36-3. 

The free gear 42 of the gear stage 41 for the formation of a reverse-gear 
ratio is arranged concentrically and rotatably with respect to intemiediate shaft 36-3 and 
can be coupled to the latter by means of the changing gear clutch 20. Free gear 42 meshes 
in the known manner mdicated in dashes at 43 with an intermediate gear which effects a 
reversal in the direction of rotation and, for its part, meshes with a fixed gear of gear stage 
41. the said gear being seated concentrically and in a rotationally rigid manner on 

intermediate shaft 34-3. 

The free gear 27-3 of the gear stage 13 for the formation of the fourth-gear 
ratio is arranged concentrically and rotatably on intermediate shaft 35-3 and can be 
coupled to the latter by means of a gear clutch 21-2 that can be engaged and disengaged 
radially. Free gear 27-3 meshes with a fixed gear of gear stage 13, the said gear being 
seated concentricaUy and in a rotationally rigid manner on intemiediate shaft 37-3. 

The free gear 28 of the gear stage 18 for the formation of the second-gear 
ratio is arranged concentrically and rotatably on intemiediate shaft 35-3 and can be 
coupled to the latter by means of a gear clutch 23 that can be engaged and disengaged 
radially. Free gear 28 meshes with a fixed gear of gear stage 1 8. the said gear being seated 
concentrically and in a rotationally rigid manner on intemiediate shaft 37-3. 
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The free gear 29 of the gear stage 19 for the foimation of the third-gear 
ratio is arranged concentrically and rotatably on the intermediate shaft 3S-3 and can be 
coupled to the latter by means of a gear clutch 24 that can be engaged and disengaged 
radially. Free gear 29 meshes with a fixed gear of gear stage 19, the said gear being seated 
concentrically and in a rotationally rigid manner on intemiediate shaft 37-3. 

The additional, radially engageable and disengageable gear clutch 22-3 for 
associating the gear stage 12 for the formation of the lowest forward-gear ratio with the 
second component transmission 17 and the radially engageable and disengageable gear 
clutch 23 of the free gear 28 of the gear stage 18 for the formation of the second-gear 
ratio of the embodiment in Figure 3 are replaced in the embodiment in Figure 4 by an 
axially engageable and disengageable changing gear clutch 22-4/23-4 provided on the 
intemiediate shaft 37-4 which fomis the output of the second component transmission 17 
and is arranged coaxially and in a rotationally rigid manner with respect to the output 
shaft 9, that gear of gear stage 18 which is seated on the intermediate shaft in this case 
being used as free gear 28. 

The gear clutches 21-2 and 24 of gear stages 13 and 19 of the embodiment 
in Figure 3, the said clutches each being radially engageable and disengageable, are 
replaced in the embodiment in Figure 4 by an axially engageable and disengageable 
changing gear clutch 21-4/24-4. 

Otherwise, the two embodiments in Figures 3 and 4 are identical in their 
construction and mode of operation. 

In the embodiments of the invention in accordance with Patent Claim 1 
(Figures 1 and 2), the gear-change sequences are identical. 

In the embodiments of the invention in accordance with Patent Claim 2 
(Figures 3 and 4), the gear-change sequences are identical. 

The gear-change sequences in the invention in accordance with Patent 
Claim 1 are analogous to the gear-change sequences in the invention in accordance with 
Patent Claim 2. 

The most important gear-change sequences are described below with 
reference to the embodiments in Figures 2 and 3, the expressions in brackets relating to 
the relevant gear-change element of the embodiment in Figure 3. 

Drive-away procedure: 
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First of all, the gear clutch 20-26 of the gear stage 12 for the first gear, the 
said clutch being associated with the first component transmission 10(11), and then the 
power-shift clutch 15 are engaged as the drive-away element. As the differential speed 
approaches zero at the gear clutch 22-2 (22-3) of the gear stage 31(12) of the first gear, 
the said clutch being associated with the second component transmission 16(17), this 
clutch is engaged. The power-shift clutch 15 is then disengaged, the steady-state 
condition of the first gear thus having been achieved. 

To prepare an upshift, the gear clutch 25 of the highest forward gear V can 

be engaged in addition. 

Upshift I-n in traction mode: 

With gear clutch 25 engaged, the power-shift clutch 15 is engaged with a 
continuously increasing transmission capacity and, when the gear clutch 22-2(22-3) of the 
first gear has thereby been reUeved of load, it is disengaged. The speed of the mput shaft 
8 is then adjusted to the synchronization speed associated with the second gear by 
controUing the transmission capacity of the power-shift clutch 15 - optionally with 
additional regulation of the engine - and, as the differential speed at the gear clutch 23 of 
the second gear approaches zero as a result, this clutch is engaged. The power-shift clutch 
15 is then disengaged, the steady-state condition of the second gear thus having been 
established. 

All upshifts in traction mode between the forward gears I to IV associated 
with the second component transmission 16(17) proceed in analogous fashion to the I-H 

upshift described above. 

rV-V upshift in traction mode: 

With gear clutch 25 engaged, the power shift clutch 15 is engaged with its 
transmission capacity increasmg continuously and, when the gear clutch 21-2 

The most important gear-change sequences are described below with 
reference to the embodiments in Figures 2 and 3. the expressions in brackets relating to 
the relevant gear-change element of the embodiment in Figure 3. 

Drive-away procedure: 

First of all, the gear clutch 20-26 of the gear stage 12 for the first gear, the 
said clutch being associated with the first component transmission 10(11). and then the 
power-shift clutch 15 are engaged as the drive-away element. As the differential speed 
approaches zero at the gear clutch 22-2 (22-3) of the gear stage 31(12) of the first gear. 
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the said clutch being associated with the second component transmission 16(17), this 
clutch is engaged. The power-shift clutch IS is then disengaged, the steady-state 
condition of the first gear thus having been achieved. 

To prqDare an upshift, the gear clutch 25 of the highest forward gear V can 
be engaged in addition. 

Upshift I-II in traction mode: 

With gear clutch 25 engaged, the power-shift clutch 15 is engaged with a 
continuously increasing transmission capacity and, when the gear clutch 22-2(22-3) of the 
first gear has thereby been relieved of load, it is disengaged. The speed of the input shaft 
8 is then adjusted to the synchronization speed associated with the second gear by 
controlling the transmission capacity of the power-shift clutch 15 - optionally with 
additional regulation of the engine - and, as the differential speed at the gear clutch 23 of 
the second gear approaches zero as a result, this clutch is engaged. The power-shift clutch 
15 is then disengaged, the steady-state condition of the second gear thus having been 
established. 

All upshifts in traction mode between the forward gears I to IV associated 
with the second component transmission 16(17) proceed in analogous fashion to the I-II 
upshift described above. 

IV- V upshift in traction mode: 

With gear clutch 25 engaged, the power shift clutch 15 is engaged with its 
transmission capacity increasing continuously and, when the gear clutch 21-2 
of the fourth gear has been relieved of load as a result, it is disengaged. The speed of the 
input shaft 8 is then adjusted to the synchronization speed associated with the fifth gear 
by controlling the transmission capacity of the power-shift clutch 15 - optionally with 
additional regulation of the engine - and the transmission capacity is then increased to a 
value associated with the instantaneous engine operating point, the steady-state condition 
of the fifth gear thus having been achieved. 

V- IV downshift in traction mode: 

The transmission cq)acity of the power-shift clutch 15 is reduced imtil slip 
occurs and the gear clutch 25 of the fifth gear is then disengaged - if appropriate with a 
brief reduction in the transmission capacity to zero. The speed of the input shaft 8 is then 
adjusted to the synchronization speed associated with fomth gear by controUing the 
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transmission capacity, preferably with additional regulation of the engine, and when the 
differential speed at the gear clutch 21-2 of the fourth gear approaches zero, the said 
clutch is engaged. The power-shift clutch 15 is then disengaged and the steady-state 
condition of the fourth, gear has thus been established, 
m-n downshift in traction mode: 

With gear clutch 25 engaged, the power-shift clutch 15 is engaged with a 
continuously increasing transmission capacity and, when the gear clutch 24 of the third 
gear has thereby been relieved of load, it is disengaged. The speed of the input shaft 8 is 
then adjusted to the synchronization speed associated with second gear by controlling the 
transmission capacity of the power-shift clutch 15, preferably with additional regulation 
of the engine, and. when the differential speed at the gear clutch 23 of the second gear 
approaches zero as a result, the said clutch is engaged. The power-shift clutch 15 is then 
disengaged and the steady-state condition of the second gear has thus been estabUshed. 

All downshifts in traction mode between the forward gears I to IV 
associated with the second component transmission 16(17) proceed in analogous fashion 
to the downshift described above. 
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Claims 

1. A multi-speed multi-path change-speed gearbox in which a first 
component transmission, which has a respective gear stage for the formation of the lowest 
and the highest forward gear and can be brought into driving connection with the input or 
the output shaft by means of a fiictional power-shift clutch, and a second component 
transmission, which has both at least one gear stage for the formation of a respective 
associated further forward gear and is in driving connection only via positive gear 
clutches with the input shaft, can be connected individually or jointly into the power 
transmission path between an input and an output shaft, and in which the respective 
power transmission path can be established in the component transmissions by engaging a 
positive gear clutch for coupling a free gear of an associated gear stage to its shaft, and in 
which, in a drive-away procedure, both the gear clutch of the lowest forward gear of the 
first component transmission and the power-shift clutch of the latter are engaged, wherein 
the second component transmission has an additional gear stage for the formation of the 
transtnission ratio of the lowest forward gear (first gear) with an associated additional 
gear clutch for coupling its free gear to its shaft, and, in the steady-state condition of the 
lowest forward gear, the power-shift clutch is disengaged and the additional gear clutch of 
the lowest forward gear (first gear) is engaged. 

2. A multi-speed multi-path change-speed gearbox in which a first 
component transmission, which has a respective gear stage for the formation of the lowest 
and the highest forward gear and can be brought into driving connection with the input or 
the output shaft by means of a fiictional power-shift clutch, and a second component 
transmission, which has both at least one gear stage for the formation of a respective 
associated fiirther forward gear and is in continuous direct driving connection with the 
input shaft, can be connected individually or jointly into the power transmission path 
between an input and an output shaft, and in which the respective power transmission 
path can be established in the component transmissions by engaging a positive gear clutch 
for coupling a free gear of an associated gear stage to its shaft, and in which, in a drive- 
away procedure, both the gear clutch of the lowest forward gear of the first component 
transmission and the power-shift clutch of the latter are engaged, and in which one shaft 
of two mutually concentric shafts that can be coupled to one another by the power-shift 
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clutch is assigned one gear of the gear stages of one component transmission and the 
other shaft is assigned one gear of the gear stages of the second component transmission, 
wherein both the free gear of the gear stage of the lowest forward gear (first gear) and a 
gear clutch additionally connected to this free gear are arranged coaxially with the 
mutually concentric shafts and this free gear can optionally be coupled to the mutually 
concentric shafts via its two gear clutches. 

3. A change-speed gearbox according to Patent Claim 1 or 2, wherein the 
additional gear clutch of the lowest forward gear (first gear) comprises a radially 
engageable and disengageable clutch. 

4. A change-speed gearbox according to Patent Claim 2, wherein the 
additional gear clutch comprises an axially engageable and disengageable changeover 
clutch and is connected not only to the free gear of the gear stage of the lowest forward 
gear (first gear) but also with a free gear of a further gear stage of the second component 
transmission. 

5. A method for gear changing in a change-speed gearbox according to any 
one of Claims 1 to 4, wherein, in the drive-away procedure, the gear clutch of the lowest 
forward gear (first gear), the said clutch being associated with the first component 
transmission, is engaged first and a power-shift clutch is then engaged, preferably with a 
continuously mcreasing transmission C2q)acity, and when the differential speed in the 
additional gear clutch of the lowest forward gear approaches zero, this gear clutch is 
engaged, and, in the engaged state of the additional gear clutch of the lowest forward 
gear, the power-shift clutch is disengaged, preferably with a contmuous reduction in its 
transmission edacity. 

6. A method according to Claim 5 for gear changing in a change-speed 
gearbox according to any one of Claims 1 to 4, the gear clutch of the lowest forward gear 
(first gear), the said clutch being associated with the first component transmission, is 
disengaged after the disengagement of the power-shift clutch at the end of the drive-away 
procedure. 
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7. A method according to Patent Claim S or 6, wherein the gear clutch of the 
highest forward gear (IV or V) is engaged or brought into engagement in the steady-state 
condition of the forward gears (I to m or TV) associated by their gear clutch with the 
second component transmission, including the lowest forward gear. 

8. A method according to Patent Claim 7, wherein, in a first gear-change 
phase in the case of an upshift in traction mode between two forward gears which are 
adjacent in terms of their transmission ratio and are associated by their gear clutch with 
the second component transmission, including the lowest forward gear (first gear), the 
power-shift clutch is engaged, preferably with a continuously increasing transmission 
capacity, and, when the gear clutch of the gear stage of the lower forward gear is torque- 
free, this gear clutch is disengaged, in a further gear-change phase, the speed of the input 
shaft is adjusted to the synchronization speed corresponding to the higher forward gear by 
influencing the transmission capacity of the power-shift clutch, optionally with additional 
regulation of the engine, and, as the differential speed of the gear clutch of the gear stage 
of the higher forward gear approaches zero, this gear clutch is engaged, and, in a further 
gear-change phase, the transmission capacity of the power-shift clutch is adjusted towards 
zero, preferably in a continuous manner. 

9. A method according to Patent Claim?, wherein, in a first gear-change 
phase in the case of an upshift in traction mode to the highest forward gear (fourth or fifth 
gear) from the lower forward gear (third or fourth gear) which is adjacent in temis of its 
transmission ratio, the power-shift clutch is engaged while its transmission capacity is 
increased, preferably in a continuous manner, and, when the gear clutch of the lower 
forward gear is load-free as a result, this gear clutch is disengaged, in a further gear- 
change phase, the speed of the input shaft is adjusted to the synchronization speed 
associated with the highest forward gear by controlling the transmission capacity of the 
power-shift clutch, optionally with supporting regulation of the engine speed, and the 
transmission capacity of the power-shift clutch is then adjusted to a value associated with 
the instantaneous engine operating point. 

10. A method for gear changing in a change-speed gearbox according to any 
one of Patent Claims 1 to 4, wherein, in a first gear-change phase in the case of a 
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downshift in traction mode from the highest forward gear (fourth or fifth gear) to the 
lower forward gear (third or fourth gear) which is adjacent in terms of its transmission 
ratio, the transmission capacity of the power-shift clutch is reduced until clutch sUp 
occurs, and the gear clutch of the highest forward gear is disengaged, preferably with a 
brief reduction of the transmission capacity of the power-shift clutch to zero, and, in a 
further gear-change phase, the speed of the input shaft is adjusted to the synchronization 
speed associated with the lower forward gear by controlUng the transmission capacity of 
the power-shift clutch, optionally by supporting regulation of the engine speed, and, when 
the differential speed at the gear clutch of the lower forward gear approaches zero as a 
result, this gear clutch is engaged, and, in a further gear-change phase, the transmission 
capacity of flie power-shift clutch is adjusted towards zero. 

11. A method according to Patent Claim 7 wherein, in a first gear-change 

phase in the case of a downshift in traction mode between two forward gears associated 
by means of their gear clutch with the second component transmission, including the 
lowest forward gear, the power-shift clutch is first of all engaged, with its transmission 
capacity preferably rising continuously, and when the gear clutch of the higher forward 
gear is load-fi«e as a result, this gear clutch is disengaged, in a further gear-change phase, 
the speed of the input shaft is adjusted to the synchronization speed associated with a 
lower forward gear by controlling the transmission capacity of the power-shift clutch, 
optionally with additional regulation of the engine speed, and, when the differential speed 
at the gear clutch of the lower forward gear approaches zero as a result, this gear clutch is 
engaged, and, m a fiirther gear-change phase, the transmission capacity of the power-shift 
clutch is adjusted towards zero. 

12. A method for gear changing in a change-speed gearbox according to any 

one of Patent Claims 1 to 4. wherein, in a first gear-change phase in the case of a 
downshift in ovemm mode between two forward gears associated by means of their gear 
clutch with the second component transmission, including the lowest forward gear, the 
gear clutch of tiie highest forward gear (IV or V) is disengaged and the gear clutch of the 
lowest forward gear, the said gear clutch being associated with the first component 
transmission), is engaged, and, in a further gear-change phase, the power-shift clutch is 
engaged with a transmission capacity which preferably rises continuously and, when the 
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gear clutch of the higher forward gear is load-free as a result, this gear clutch is 
disengaged, and, in a further gear-change phase, the speed of the input shaft is adjusted to 
the synchronization speed associated with the higher forward gear by controlling the 
transmission capacity of the power-shift clutch, optionally by additional regulation of the 
engine speed, and, when the differential speed at the gear clutch of the lower forward gear 
approaches zero as a result, this gear clutch is engaged, and, in a further gear-change 
phase, the transmission capacity of the power-shift clutch is adjusted towards zero, 

13. A multi-speed multi-path change-speed gearbox, substantially as described 

herein, with reference to and as illustrated in the accompanying drawings. 

14« A method for gear changing in a change-speed gearbox according to claim 

13 and as described herein. 
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